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NATURE OF ACIDS & BASES 
 

General Properties: 

 

 ACIDS BASES 

Taste sour Bitter 

Change color of 

indicators 
® ® 

Blue Litmus turns red no change 

Red Litmus no change turns blue 

Phenolphtalein Colorless turns pink  

Neutralization 
React with bases to 

form salt and water 

React with acids to 

form salt and water 

 

¶ Listed below are some common acids and their common uses: 

 

 



Chemistry 102  Chapter 16 

2 

NATURE OF ACIDS & BASES 
 

¶ The structural formulas for several common acids are shown below.  Note that all acids have a 

hydrogen bonded to an oxygen (referred to as the acidic hydrogen) that ionizes in aqueous solutions. 

 

 

 

 

 

 

 

 
¶ Acetic acid is an organic acid that contains the carboxylic acid group, that is shown below: 

 

 

 

 

 

 

 

 

 

 

¶ Some common bases are listed below.  Organic bases (called alkaloids) are also bitter in taste and 

are often poisonous. 

 

 

 

 

     urea        hemlock 
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DEFINITION OF ACIDS & BASES  
 

¶ There are three definitions of acids and bases used in chemistry.  Each definition is useful in a given 

instance, and are discussed next. 

 

Arrh enius Definition: 

 

¶ Arrhenius definition of acids and bases in based on their behavior in water (aqueous solutions), and 

was developed by Swedish chemist Svante Arrhenius. 

 

¶ Based on this definition: 

 

ü Acid:  A substance that produces H
+
 ions in aqueous solution. 

 

ü Base: A substance that produces OH
ï
 ions in aqueous solution. 

 

¶ Therefore, according to the Arrhenius definition, HCl is an acid because it 

produces H
+
 ions in solution: 

 

 

 

 

 

¶ The H
+
 ions produced are very reactive and bond to water molecules in 

aqueous solution, forming H3O
+
: 

 

 

 

             
               

¶ Similarly, according to the Arrhenius definition, NaOH is a base because 

it produces OH
ï
 in solution.   

 

 

 

 

 

¶ Based on Arrhenius definition, acids and bases combine to form water, 

neutralizing each other in the process: 

 

H
+
 (aq)   +   OH

ï
 (aq)   H2O (l) 
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DEFINITION OF  ACIDS AND BASES 
 

Brønsted-Lowry Definition:  

 

¶ The Brønsted-Lowry definition of acids and bases focuses on the transfer of H
+
 ions in an acid-base 

reaction.  Since H
+
 is a proton, this definition focuses on the idea of proton donor and proton 

acceptor: 

 

ü Acid:  proton (H
+
 ion) donor 

 

ü Base: proton (H
+
 ion) acceptor 

 

¶ According to this definition, HCl is an acid because, in solution, it donates a proton to water: 

 

HCl (aq)   +   H2O (l)    H3O
+
 (aq)  + Cl

ï
 (aq) 

 

¶ According to this definition, NH3 is a base because, in solution, it accepts a proton from water: 

 

NH3 (aq)   +   H2O (l)    NH4
+
 (aq)  + OH

ï
 (aq) 

 

¶ According to the Brønsted-Lowry definition, acids (proton donors) and bases (proton acceptors) 

always occur together in an acid-base reaction.  For example: 

 

HCl (aq)       +      H2O (l)    H3O
+
 (aq)  + Cl

ï
 (aq) 

        acid                        base 

              (proton donor)     (proton acceptor) 

 

 

NH3 (aq)    +        H2O (l)    NH4
+
 (aq)  + OH

ï
 (aq) 

        base                       acid 

           (proton acceptor)     (proton donor) 

 

¶ According to the Brønsted-Lowry definition, some substancesïsuch as waterïcan act as acids or 

bases.  These substances are called amphoteric. 

 

Examples: 

Identify the Brønsted-Lowry acid and base in each of the following equations: 

 

1. C6H5OH  + C2H5O
ī
    C6H5O

ī
  +  C2H5OH 

 

 

2. H2O  +  Cl
ī 
      HCl    +    OH

ī
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DEFINITION OF  ACIDS AND BASES 

 
¶ In a reversible acid-base reaction, both forward and reverse reactions involve H

+
 transfer 

 

      H
+                                                                                                                         

H
+ 

  

    

NH3 (aq) + H2O (l)    NH4
+ 
(aq) + OH

- 
(aq) 

  base                    acid                             acid                               base 

 

¶ The pair of acid and base from each side of these reactions are referred to as acid-base 

conjugate pairs.  A conjugate acid is any base to which a proton has been added, while a 

conjugate base is any acid from which a proton has been removed. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Examples: 

1. Identify the Brønsted-Lowry acid-base conjugate pairs in each of the following equations: 

 

a) H2SO4 (aq)   +  H2O (l)    HSO4
ï
 (aq)  +  H3O

+
 (aq) 

 

 

 

b) HCO3
ï
 (aq)  +   H2O (l)      H2CO3 (aq)  +  OH

ï
 (aq) 

 

 

 

2. Which pair is not a conjugate acid-base pair? 

 

a)  (CH3)3N; (CH3)3NH
+
  b)  H2SO4; H2SO3  c)  HNO2; NO2

ï
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LEWIS ACIDS AND BASE S 
 

¶ A third definition of acids and bases is the Lewis model, which further broadens the range of 

substances that can be considered acids and bases. 

 

¶ This model, developed by Gilbert Lewis, defined acids and bases in terms of electron-pair 

transfer. 

 

 

     

 

 
¶ Therefore, based on the Lewis model: 

 
ü Lewis Acid:  electron pair acceptor 

 

ü Lewis Base: electron pair donor 

 
          H                                               H              + 

                        

          H
+    

      :  N ô H ½½>              H : N ô H 

                                                                            

                                                   H                                               H 
     electron pair         electron pair 

        acceptor                        donor 

 

                  Lewis acid      Lewis base 

 
¶ The Lewis model does not substantially expand the substances that can be considered a base, 

since a proton acceptor must have an electron pair to bond the proton. 

 

¶ However, it does significantly expand the substances that can be considered an acid.  

According to this model, substances need not even contain hydrogen to be an acid.  For 

example: 

 

 

3 3 3 3BF        +       :NH    F B:NH 

                       Lewis acid        Lewis base 
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LEWIS ACIDS AND BASE S 
 

¶ Since molecules with incomplete octets have empty orbitals, they can serve as Lewis acids.  

For example, both AlCl3 and BF3 have incomplete octets: 

 

 

 

 

 

 

 

¶ As a result, both these molecules can act as Lewis acids, as shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ Some molecules that do not initially contain empty orbitals can rearrange their electrons to 

act as Lewis acids.  For example, consider the reaction between water and carbon dioxide: 
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LEWIS ACIDS AND BASE S 
 

¶ Some cations, since they are positively charged and have lost electrons, have empty orbitals 

that allow them to also act as Lewis acids.  For example, consider the hydration of Al
3+

 ions 

shown below: 

  

  

 

 

 

 

 

 

  

¶ In General: 

 

LEWIS ACIDS  LEWIS BASES 

electron pair acceptors 

Usually positive ions or electron 

deficient molecules 

electron pair donors 

Usually negative ions or molecules 

with lone pairs 

NEUTRALIZATION: A reaction in which an electron pair is transferred 

 

 
Examples: 

1. Classify each species below as a Lewis acid or a Lewis base: 

 

a) BeCl2 

 

b) OH
ï
 

 

c) B(OH)3 

 

d) CN
ï
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ACIDS & BASES:  LEWIS VS. BRONSTED-LOWRY  

 
¶ The Bronsted-Lowry and Lewis definitions of acids and bases are complementary and are 

often used to explore the common ways in which acids and bases are involved in many 

reactions. 

 

¶ The general reaction schemes below show the difference between the two definitions.   

  

 

  

Bronsted-Lowry 

 

 

 

 

 

 

Lewis  

 

 

¶ Note that in the Bronsted-Lowry definition, the acid exchanges proton with the base, and as a 

result forms charged species as product.  In the Lewis definition, however, the product 

formed is an adduct of the acid and base, and is charge neutral. 

 

¶ The specific examples below show this difference  

 

 
Bronsted-Lowry 

 

 

 

 

 

 

Lewis 
 

 

H
N

H

H

F
B

F

F

H

N B

H

H

F

F

F
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ACID  STRENGTH 

 
¶ The strength of an electrolyte depends on the extent of its dissociation into its component 

ions in solution.  A strong electrolyte completely dissociates into ions in solution, whereas a 

weak electrolyte partially dissociates into ions. 

 

¶ The strength of an acid is similarly defined.  A strong acid completely ionizes in solution, 

while a weak acid only partially ionizes.  Therefore, the strength of the acid depends on the 

equilibrium shown below: 

 
+ -

2 3HA (aq)  +  H O (l)    H O  (aq)  +  A  (aq) 

 

 

¶ For example, hydrochloric acid (HCl) is classified as a strong acid since its solution contains 

virtually all ions: 

 

 

 

 

 

 

 

 
¶ Listed below are six important strong acids.  Note that sulfuric acid (H2SO4) is diprotic, 

while the others are monoprotic. 
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ACID STRENGTH  

 
¶ In contrast, HF is classified as a weak acid because it does not completely dissociate in solution: 

 

 

 

 

 

 

 

 

 

 

 

¶ The degree to which an acid is strong or weak depends on the 

attraction between the anion of the acid (the conjugate base) 

and the hydrogen ion, relative to the attraction of these ions to 

water. 

 

¶ When the attraction between H
+
 and A

ï
 is weak, the acid is 

strong.  On the other hand, if the attraction between H
+
 and A

ï
 

is strong, the acid is weak. 

 

¶ For example, in HCl, the Cl
ï
 has a relatively weak attraction for 

H
+
ï the reverse reaction does not occur to any significant 

extent.  In HF, on the other hand, the F
ï
 has a greater attraction 

for H
+
ï the reverse reaction occurs to a significant degree. 

 

¶ In general, the stronger the acid, the weaker the conjugate base, 

and the weaker the acid, the stronger the conjugate base. 

 

¶ Listed below are some common weak acids.  Note that some are diprotic and one is triprotic. 
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ACID IONIZATION CONSTANT (K a) 
  

¶ The relative strength of a weak acid can be quantified with the acid ionization constant (Ka). 

 

¶ Ka is the equilibrium constant for the ionization reaction of a weak acid.  For example,  

 
+ -

2 3

+ -

HA (aq)  +  H O (l)    H O  (aq)  +  A  (aq)

                  HA (aq)    H  (aq)  +  A  (aq)
 

 
+ - + -

3
a

[H O ][A ] [H ][A ]
K  = =

[HA] [HA]
 

 

¶ Listed below are the acid ionization constants for some monoprotic weak acids, listed in order of 

decreasing strength: 
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 Examples: 

For each reaction below, determine the conjugate acid-base pairs and their relative strengths: 

 

1. HNO2    +      CH3CO2
ï
        CH3CO2H  +  NO2

ï
 

 

 

 

 

 

2. HCN   +     CHO2
ï
      HCHO2  +  CN

ï
 

 

 

 

 

 

 

 

3. The hydrogen oxalate ion (HC2O4
ï
) is amphoteric.  Write a balanced equation showing 

how it reacts as an acid towards water and another equation showing how it reacts as a 

base towards water. 

 

 

 

 

 

 

 

 

4. For each acid shown below, write the formula of its conjugate base: 

 

 

HPO4
2ï

       CH3NH3
+
      NH3    

 

 

5. For each base shown, write the formula of its conjugate acid: 

 

 

HAsO4
2ï

                 IO
ï
         O

2ï
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AUTOIONIZATION OF WATER  
 

¶ As discussed earlier, water can act both as an acid or base.  It acts as an acid when it reacts 

with HCl, and it acts as a base when it reacts with NH3: 

 

 

 

 

 

 

 

 

 

 

¶ Therefore, water is amphoteric: it can act either as an acid or base.  Even when pure, water 

can act as an acid and a base with itself, a process called autoionization: 

 

 

 

 

 

 

 

 

 

 

¶ The autoionization reaction and its equilibrium constant can be written as: 

 

 

 

 

 

¶ This equilibrium constant is called ion product constant for water (Kw), and has a value of 

1.0x10
ï14

 at 25̄ C. 

 

¶ In pure water,    [H3O
+
] = [OH

-
].  Therefore 

[H 3O
+
] = [OH

-
] = 1.0 x 10

-7
 M  
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